We evaluated the quality of periconception medical care in pregnant women with diabetes and assessed the influence of sociodemographic characteristics.
Diabetes is a complex chronic disease with increasing incidence in recent years in parallel with the obesity epidemic. The increasing prevalence of diabetes in general and the increasing age of pregnant women has led to an increasing number of pregnancies with this complication (1) . Pre-existing diabetes increases the risk of pregnancy complications to the mother, fetus, and newborn infant. The duration and type of diabetes, its severity, the occurrence of chronic complications, and glycemic control are major factors influencing pregnancy outcome (1, 2) . Poorly controlled diabetes substantially increases the risk of spontaneous abortion and congenital malformations (1) (2) (3) . Many studies (2, 3) and metaanalyses (4, 5) have showed that women who get appropriate periconception care have significantly lower risk for adverse pregnancy outcomes, including spontaneous abortions, congenital malformation, and prolonged hospitalizations for mothers and neonates. Yet providing high-quality care for women with diabetes remains a challenge.
Recognizing that gaps exist between recommended and actual care, there is an increasing interest in quality improvement. There is substantial evidence and consensus on what constitutes high-quality diabetes care, and societies around the world have published guidelines for periconception counseling and care for women with diabetes (6) (7) (8) (9) . All these guidelines recommend daily use of folate supplementation from preconception in order to prevent neural tube defects; to achieve good metabolic control, preferably with A1C below 6-7% (42-53 mmol/mol) by appropriate insulin therapy and dietary consultation; to assess for systemic complications, including diabetic nephropathy, retinopathy, and thyroid disease; and to review medication use and discontinue, preconceptionally, the use of potentially hazardous drugs. Despite this, suboptimal care and poor patient outcomes continue. Too many pregnancies are still unplanned, and many diabetic women get pregnant without proper preparation and with poor glycemic control and have high rates of pregnancy complications (10) (11) (12) (13) .
Most studies in the past evaluated mainly periconception glycemic control and pregnancy outcome (3, 10, 11, 14) . Very few studies evaluated systematically the whole spectrum of recommended periconception care (12) and looked at the influence of sociodemographic characteristics on periconception medical care (12, 15) . Therefore our goal was to evaluate the quality of periconception medical care in women with pre-existing diabetes mellitus and to assess the influence of sociodemographic characteristics on the quality of medical care.
RESEARCH DESIGN AND METHODS
The study was approved by the ethics committee of Clalit Health Services (CHS), a nonprofit HMO covering more than half of the Israeli population. The study population included women with pre-existing diabetes who gave birth during 2008-2011 in Haifa and Western Galilee District of CHS in Israel. Women with diabetes were identified from the chronic disease registry in CHS computerized systems (16) . Women who gave birth during 2008-2011 in Haifa and Western Galilee District of CHS were identified by their newborns, who are also registered in CHS. Database integration using the unique identity number assigned to all Israeli residents was used to identify the patients with diabetes who gave birth during 2008-2011. Data were retrieved retrospectively from CHS computerized systems on the following parameters for all women between 2007 and 2012: sociodemographic data, including date of birth for both mother and her child, ethnicity, marital status, number of previous children, immigration year, and primary care clinic address; date and results of all A1C, kidney, and thyroid function tests as well as urine assessment for microalbumin and protein; date of clinic dietary consultation and ophthalmology evaluation; as well as all prescription fillings they made during the study period, including name of drug, dosage, quantity, and date of prescription filling. The CHS laboratory database contains data on all laboratory results done in CHS clinics as well as CHS hospitals, and the CHS pharmacy computerized database contains data on all prescription fillings in CHS pharmacies and affiliated pharmacies, including over-the-counter (OTC) drugs such as vitamins.
Diabetes diagnosis was verified by either an A1C $6.5% (48 mmol/mol) according to the American Diabetes Association recommendation for diabetes diagnosis (17) or prescription filling for oral hypoglycemic drug or insulin in the year before the index pregnancy. This criteria was used to exclude women with gestational diabetes only. Type of diabetes mellitus, either type 1 or type 2, was determined by CHS chronic disease registry and based on the antidiabetic treatment in the year before and after the index pregnancy; women with insulin-only treatment were considered to have type 1 diabetes, whereas women without medication or those with oral hypoglycemic therapy either alone or in combination with insulin were considered to have type 2 diabetes. Maternal ethnicity was defined as Arabian, Israeli-born Jewish, or immigrant Jewish (if she was not born in Israel), and maternal socioeconomic class was determined based on her primary care clinic address.
The periconception period extends from approximately 3 months before to 3 months after conception. Since the average pregnancy lasts approximately 270 days, for the purpose of this study, the periconception period was calculated as the period between 180 and 360 days prior to child's date of birth. The quality of medical care in the periconception period was defined according to the following recommended measures (6-9) for women with preexisting diabetes: evaluation and level of A1C, evaluation of kidney and thyroid function, urine assessment for microalbumin and protein, dietary consult and ophthalmology evaluation, folic acid prescription fillings, use of potentially hazardous drugs, and type of diabetes medication.
A composite score for the quality of medical care in the periconception period was created (based on the following parameters as recommended in the literature). The composite quality score contains nine items, with a maximum score of eight points as outlined below. One point was given for each of the following parameters: evaluation of A1C level, kidney function test (creatinine or urea level), thyroid function test (thyrotropin or free T4 level), urine assessment for microalbumin or protein (either as spot urine for microalbumin-to-creatinine ratio or 24 h urine collection), dietary consultation, and ophthalmology evaluation. Women who did not have a recorded test result in the periconception period were given a zero score for that item. A1C level in the periconception period represents glycemic control at the time of fetal organogenesis and is of paramount importance for spontaneous abortion and congenital malformation risk. Thus women with A1C ,7.0% (53 mmol/mol) were given one point, whereas women with A1C .9.0% (75 mmol/mol) were deleted one point; women with A1C level between 7.0 and 9.0% or no recorded A1C level were given zero points.
Folic acid consumption was calculated based on folic acid prescription fillings (at any dose, including in multivitamins or in combination with iron) in the periconception period. Prescription fillings were calculated per month, according to the pill quantity in each prescription. Some folic acid formulas can be bought as an OTC drug, yet all OTC purchases are also recorded in the CHS pharmacy's computerized database. Folic acid consumption was assumed if a woman filled more than one folic acid prescription in the periconception period; these women were given one point for folic acid intake. Use of potentially teratogenic drugs (i.e., ACE inhibitors, angiotensin-II receptor blockers, and statins) in the first months of pregnancy is dangerous. Thus women who filled prescription for any of these medications at that time (i.e., between 180 and 270 days before the child's date of birth) were deleted one point.
Most women with type 2 diabetes get oral hypoglycemic drugs before pregnancy, whereas those with type 1 diabetes are treated with insulin. However, during pregnancy, insulin is the drug of choice (6,9), thus we assessed type of diabetes medication but did not include it in the quality score.
Data were tested for normal distribution (Kolmogorov-Smirnov test), and x 2 , Mann-Whitney test, one-way ANOVA, and Kruskal-Wallis one-way ANOVA on ranks were used to examine the associations between sociodemographic characteristics and the quality measures. The overall composite quality score was assed in tertiles; significant differences between the composite quality score low tertile and sociodemographic characteristics were assessed by multivariate binary logistic regression analysis. Analyses were conducted using SigmaStat version 2.03 and Minitab version 12.23. Statistical significance was defined as a two-tailed P , 0.05.
RESULTS
A total of 166 women gave birth to 180 babies. Average maternal age at delivery was 33 6 6 years, 81.7% of women were married, 30.6% were primiparous (Table 1) , 46.1% were Arabian, 40% were Israeli-born Jewish, 13.9% were immigrant Jewish, and 62.2% were of low socioeconomic class. Overall, 58.9% of women had type 2 diabetes mellitus. As shown in Table 2 , there were significant sociodemographic differences between women with type 2 and type 1 diabetes mellitus. Women with type 2 diabetes were older, less were primipara, and more were Arabian and of low socioeconomic class.
The performance of the different quality parameters (Table 1) ranged from 81% for A1C and kidney function tests to only 30% for dietary consult and 41.1% for ophthalmology evaluation. Notably, 48.9% of women had reasonable glycemic control with A1C ,7.0% (53 mmol/mol), only 26% had A1C ,6.0% (42 mmol/mol), and 8.3% had poor glycemic control with A1C .9.0% (75 mmol/mol). Only 45% of women took some folic acid, and 25 women (13.9%) continued the use of potentially dangerous drugs in the first trimester. Overall, there were no significant differences in the performance of the different quality parameters between women with type 2 and type 1 diabetes (Table 2) , although women with type 2 diabetes had significantly lower median A1C (6.4 vs. 7.1%, 46 vs. 54 mmol/mol; P = 0.02).
All women with type 1 diabetes used insulin; 43 used multiple daily injection (mainly human NPH insulin with regular insulin [18] or with rapid-acting insulin analogs [insulin lispro or insulin aspart (16)]), 2 women used Levemir, and 9 women used insulin glargine (Lantus), which is not recommended in pregnancy due to safety concerns (18) , although a recent meta-analysis did not find increased adverse fetal outcomes with its use (19) . Thirty-one women used continuous insulin pump with either rapid-acting insulin analogs (27) or regular insulin (4).
Among women with type 2 diabetes, only 50 (47.2%) received insulin, whereas 31 (29.2%) received oral hypoglycemic agents, mainly Metformin either alone (6 women) or in combination with insulin (25 women). Most women with type 2 diabetes used multiple daily injection (mainly human NPH insulin with regular insulin [51] or with rapid-acting insulin analogs [11] ), 2 women used Levemir, and 1 woman used insulin glargine. Ninety-five percent of women with type 2 diabetes who received insulin (71 women) had A1C measurement, and 61.3% of them had A1C ,7.0% (53 mmol/mol). Twenty-five women were treated with diet and did not take medication, and 10 of them (40%) had good glycemic control, with A1C ,7.0%. However, 13 women did not have any A1C recording.
As shown in Table 2 , there were significant sociodemographic differences between the quality score groups; notably more women in the lower composite quality score groups were multipara, were Arabian or immigrant Jewish, and of low socioeconomic class; however, there were no differences in women's age or type of diabetes. There was a significant gradual better performance of each of the quality measures between the low-, middle-, and high-quality score groups (P , 0.0001) ( Table 1 ).
In the multiple logistic regression analysis, the only significant variables to predict lower composite quality scores were multiparity adjusted odds ratio = 3.43 (95% CI 1.66-7.10; P = 0.001), Arabian women adjusted odds ratio = 3.76 (95% CI 1.78-7.92; P = 0.001), and immigrant Jewish adjusted odds ratio = 3.73 (95% CI 1.25-11.16; P = 0.018).
CONCLUSIONS
We found that a high proportion of women with diabetes had suboptimal periconception care with poor glycemic control and inadequate diabetic pharmacotherapy and dietitian consultation; many did not use folic acid and too many continued the use of potentially harmful medications in the first trimester of pregnancy. Moreover, diabetic retinopathy might worsen during pregnancy (6), and proteinuria is associated with increased risk for preeclampsia (6) . However, despite widespread recommendations for screening patients with diabetes for microvascular complications (17) , only 41.1% had an ophthalmic evaluation, and 43.9% did not have any urine test for proteinuria evaluation. We also found that Arabian women and immigrant Jewish women had even worse periconception care. We did not find significant differences in the quality of periconception medical care between women with type 1 and type 2 diabetes except that women with type 2 diabetes had significantly lower median A1C.
Our findings are similar to the only other study that evaluated all aspects of periconceptional medical care provided to women with pre-existing diabetes in the U.K. (12) . They found that women with diabetes were poorly prepared for pregnancy: less than half were recorded to take folic acid supplements prior to pregnancy or to have had preconception counseling regarding glycemic control, diet, or diabetes complications. Only one-third had a test of glycemic control in the 6 months before pregnancy, and two-thirds had evidence of suboptimal glycemic control before conception and in the first trimester of pregnancy. Approximately 40% did not have retinal examination or renal function test in the year before pregnancy, and these women were more likely to have a poor pregnancy outcome. They concluded that suboptimal preconception care, suboptimal glycemic control before and during pregnancy, as well as maternal social deprivation (based on postcode of residence) were all associated with poor pregnancy outcome. Based on their recommendation, Murphy et al. (15) evaluated the effectiveness of a regional prepregnancy care program on All data are n (%) or % unless otherwise indicated. *One-way ANOVA, mean 6 SD. †xpregnancy preparation, glycemic control, and pregnancy outcomes in women with type 1 and type 2 diabetes. They found that women with prepregnancy care were significantly more likely to have type 1 diabetes, to take preconception folic acid, and to use insulin. They had lower A1C levels (6.9 vs. 7.6%), although only 53% achieved A1C ,7.0% (53 mmol/mol). Fewer women conceived while taking potentially harmful drugs. Importantly, these women also had fewer adverse pregnancy outcomes (1.3 vs. 7.8%).
Good glycemic control prior to and in the beginning of pregnancy is crucial in order to reduce the rate of congenital malformations and spontaneous abortions among patients with diabetes (2-5,9). Therefore most other studies evaluated mainly the glycemic control prior to pregnancy and its effect on pregnancy outcome. For example, a French multicenter survey (10) and a large Danish study (11) found that women with higher first trimester A1C had increased risk for adverse perinatal outcome. Similarly, in a populationbased study in Northern England, only 53% of diabetic patients had a preconception A1C record, and of those with records, 74% had suboptimal glycemic control, with A1C above 7.0% (53 mmol/mol). They also found that diabetic women who received preconception counseling (40.8%) had significantly higher rate of good glycemic control prior to pregnancy, 63.8% compared with only 36.3% in women without such care (14) . In a previous study by our group (20), we found that even women with diabetes who undergo repeat fertility treatments lack proper preconception care. Less than two-thirds had A1C recoding within 3 months of fertility treatment, and only one-third of them had evidence of good glycemic control with A1C ,7.0% (53 mmol/mol). These findings were similar to diabetic women with spontaneous pregnancy. We also showed that women with diabetes who attended high-risk pregnancy clinics prior to fertility treatment achieved significantly better glycemic control (21) .
There are many studies in the general population on folic acid intake before pregnancy. In contrast, in a study from England, only 45% of women with diabetes took folic acid in the preconception period (14) . They also found that prepregnancy folic acid use was significantly higher among women who received preconception counseling (68.4 vs. only 31.6%). Furthermore, Nilsen et al. (24) , in a large survey from Norway, found that overall only 10.2% of women used folic acid supplement in the periconception period. Folic acid use was somewhat higher among women with diabetes (17.3%). Our findings are in agreement with above results; we found that only 45% of patients took folic acid supplementation in the periconception period. Our findings are also in agreement with a previous survey from Israel in which 34% of postpartum women stated that they used folic acid in the preconception period (25) .
Drug use in the preconception period and early pregnancy is very common, including drugs that are teratogenic or potentially hazardous. Studies from the U.S. (26), the U.K. (27) , and Finland (28) have demonstrated that up to 4.0% of pregnancies are exposed to potentially teratogenic class D or X medications in the periconception period. However, very little is known about medication use in pregnant diabetic women (15) . Some potentially hazardous drugs are commonly indicated in diabetic patients (e.g., statins and ACE) and are thus expected to increase the problem. In a recent study by our group (20), we also found that some diabetic patients who undergo fertility treatments continue the use of these drugs in the beginning of pregnancy and after fertility treatment. In this study, we found that similar to the general pregnant population, too many women with diabetes continue the use of potentially harmful drugs in the beginning of pregnancy. In a literature review, we could not find any other articles that dealt with preconception screening for microvascular complications in women with diabetes.
The current study also demonstrated disparities in the quality of periconception medical care among diabetic patients. Mainly, women of lower socioeconomic class and Arabian and immigrant Jewish women had less favorable diabetes care and control. Previous studies found similar results. A recent study from Israel among nonpregnant diabetic patients found that low socioeconomic status, Arabian ethnicity, and immigrants were associated with less favorable diabetes care and control (29) . Also in a population-based study in Northern England (14) , diabetic women of white British ethnicity and those of higher socioeconomic status were more likely to receive preconception counseling. Similarly, Murphy et al. (15) found that women who attended prepregnancy care were more likely to be white and less likely to live in a deprived area.
We did not find significant differences in the quality of periconception medical care between women with type 1 and type 2 diabetes except that women with type 2 diabetes had significantly lower median A1C; however, it is possible that our study was underpowered to demonstrate small differences between the two groups. In contrast, a large survey from the U.K. (12) found that women with type 2 diabetes were less likely than women with type 1 diabetes to have retinal assessment or test for albuminuria in the year prior to pregnancy. However, folic acid intake and A1C evaluation rates were similar in both groups. There are several limitations to our work. We assessed only women with live birth deliveries, and we do not have data on pregnancy outcomes or complications. Thus we cannot assess the correlation between proper periconception care and pregnancy outcome; however, this was not the aim of this study. Also, women who had either a spontaneous abortion or termination of pregnancy due to fetal anomaly or for maternal reasons were not included. Nevertheless, it is highly unlikely that these women had a significantly better periconception care than women with diabetes who had a live-birth child, and therefore the inadequate quality that was observed in our results can be even better estimation of the real practice quality. Also, due to the retrospective study design, we cannot assess barriers for better care.
Women with diabetes were identified from the chronic disease registry in CHS computerized systems. Pre-existing diabetes diagnosis was verified by either an A1C $6.5% or prescription filling for oral hypoglycemic drug or insulin in the year before the pregnancy. It is possible that we did not identify a small number of patients with diabetes, for example, those who had very good diabetic control and treatment with diet only. Also, women with undiagnosed diabetes and thus no A1C tests or antidiabetic treatment were not accounted for. Still we probably identified most women with diabetes, especially those with clinically significant disease, and the few unidentified patients probably could not change significantly our findings.
We calculated performance of the various laboratory tests as well as dietary and ophthalmology consultations based on data in CHS administrative electronic database. It is possible that some women made these tests or consultations in private clinics. Yet since these women have medical insurance through CHS, which has readily available clinics as well as hospitals throughout the country, and most women were of low socioeconomic class, it is doubtful that a substantial number of these women with diabetes had private medical care outside CHS. The internal consistency between the separate measures to the overall quality score also supports the validity of the information.
We calculated folic acid use based on prescription fillings in CHS pharmacies. It is possible that some women purchased folic acid or other multivitamins including folic acid as OTC drugs in other pharmacies. However, since these women purchased their diabetic drugs in CHS pharmacies and the cost of the vitamins is similar in all pharmacies, it is unlikely that this would change substantially our calculations of folic acid use. Moreover, most studies on folic acid use (12, 14, (22) (23) (24) (25) are based on questionnaires or interviews of pregnant or postpartum women. Thus while our study might have underestimated periconception folic acid use, women's self-report on preconception daily folic acid use is probably over-reported. To the best of our knowledge, there is no study that evaluated preconception folic acid intake by pill counting, which is more accurate.
As for the potentially teratogenic drugs, we chose to examine only the use of drugs that are commonly used by diabetic women and for whom there is firm recommendation to stop using before conception. One might argue that women can fill a prescription and not use the medication, thus prospective evaluation of harmful medication use might be lower than what we reported. However, these women should have received the guidance to stop using these drugs prior to conception and should not have filled a prescription for potentially teratogenic drugs. Use of potentially harmful medications in early pregnancy should be negligible.
In conclusion, we found that the periconceptional medical care of women with diabetes is suboptimal and needs improvement. Preconception care and counseling is a form of primary prevention that includes three components: risk assessment, health promotion, and intervention in order to improve pregnancy outcome. If we want to achieve the goals of the St. Vincent Declaration (31) and improve pregnancy outcomes of women with diabetes to the level of the nondiabetic population, we need to understand that for women with diabetes, prepregnancy care is as essential as antenatal care. Probably a multidisciplinary team approach is needed with a specialized clinic that can give optimal preconception evaluation and care for patients with diabetes prior to pregnancy. The service should be highly accessible and culturally oriented to the specific target population that was found in this and other studies to have the least qualified service. All women with either type 1 or type 2 diabetes should have a thorough medical assessment with special attention to risk factors, glycemic control, chronic diseases, medications, and family history before pregnancy. Appropriate treatment of all medical conditions, optimization of glycemic control, and cessation (before pregnancy) of use of potentially teratogenic medications can improve women's health status and reduce pregnancy-related complications. Also, culturally appropriate diabetes care and education is needed in order to improve diabetes care and ensure better pregnancy outcomes in the high-risk subpopulations.
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